Teleradiology represents the most widely used and written about application of telemedicine in the United States. [1] [2] [3] In one study, teleradiology was the most widely studied telemedicine term specific to a single field and third behind the non-specific terms telemedicine and remote consultation. 2 Teleradiology was the first telemedicine application to be approved by Medicare.
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The development of the ability to transmit radiographic images electronically has significantly impacted the way that radiology is practiced in the United States. 4, 5 Teleradiology has improved the speed with which radiographic interpretation is delivered, has allowed for the expansion of radiology services to underserved parts of the country and allows for simultaneous viewing of images by physicians in two separate locations thereby making consultation much easier.
Once the initial technology is in place, it eliminates the need for the large and difficult task of physically archiving films and it can save both space and money. 6 It has also been shown in some instances to improve clinical care for the patient with some even speculating that it can improve overall quality assurance. 5, 7, 8 Despite these benefits, teleradiology does have some disadvantages.
Teleradiology forces the initial provider, the patient and the radiologist to become entirely dependent on technology which may fail, lose power or experience a system crash. In addition, it does require significant capital expenditure to acquire teleradiology capabilities.
Teleradiology is a rapidly evolving field with recent reports in professional journals even exploring the feasibility of viewing images captured with digital cameras or receiving images wirelessly via a Personal Digital Assistant (PDA) or cell phone. [9] [10] [11] [12] [13] In one study, a radiologist viewing an abdominal CT on a PDA after receiving the image wirelessly over the internet was able to identify a kidney stone correctly 80% of the time. 12 Certainly this level of accuracy is not yet sufficient for clinical application, but it does demonstrate future possibilities in the field of teleradiology.
Another study demonstrated no appreciable difference in the accurate detection of pneumonia in Thailand when using a digital camera to digitize chest radiographs when compared with a traditional film digitizer. 9 The lay press has also followed the rapid rise and varied uses of teleradiology in recent years. 14, 15 The American College of Radiology (ACR) has published nationally representative data from its 1999 Survey of Practices describing the state of teleradiology in the United States at that time. 16 While other data is available on a regional basis, 17 the ACR Survey is, to our knowledge, the only available source of data regarding the use of teleradiology in a clinical setting on a nationally representative scale.
The purpose of this study is to present both a comprehensive overview of Survey of Radiologists and Radiation Oncologists, 18 but integrated many important improvements throughout the survey process. [19] [20] [21] These improvements included the use of the Tailored Design Method 22 to maximize the response rate, a more thorough discussion with all ACR leadership to identify issues of importance to the radiology profession and priorities among those issues, the use of two large pre-tests in the autumn of 2002 with refinements made after each pretest, and the use of a broader and more intensive array of steps for improving data quality.
The survey sample was a stratified, random sample composed of four strata taken primarily from the American Medical Association (AMA) Physician
Masterfile. The Masterfile is a relatively complete listing of all allopathic physicians in the United States, whether or not they are AMA members. The sample from the Masterfile consisted of a 16% sample of all those physicians self designated in the Masterfile as vascular or interventional radiologists, an 8%
sample of all other radiologists, and an 8% sample of nuclear medicine specialists.
The percentages were selected with the expectation of a 65% response rate to ensure adequate numbers of data points for statistically meaningful inferences on certain demographics of interest. For example, there was interested in comparing academic radiologists by sex, and to obtain a sufficient number of responses from women at a 65% response rate, an 8% sample of all diagnostic radiologists was needed. The 2003 survey sampled 16% of interventional radiologists (as opposed to 8%) because the 2003 survey had a special focus on studying interventional radiologists.
As with previous surveys, the ACR was interested only in nuclear medicine specialists who had major ties to radiology. They defined this concept of a "major tie" to radiology, for the purposes of the survey, as holding American Board of Radiology certification and/or being a member of the ACR. 23 On this basis, approximately two-thirds of the original sample of nuclear medicine specialists was omitted from consideration, leaving a sample of 53 nuclear medicine physicians to whom the survey was sent.
The sample went out to all types of physicians involved with radiology, including residents, fellows and retirees, not merely post-training, professionally active physicians. In addition, the sample included 92 osteopathic radiologists selected at random by the American Osteopathic College of Radiology (AOCR) from among its members. This sample constituted approximately 6.7% of all osteopathic radiologists in the United States, including those who were not AOCR members.
In March 2003, the independent contractor for the ACR, the Center for Survey Research of the University of Virginia, mailed the survey. There was a statement on the survey cover sheet indicating that responses would not be individually identified and responses were processed by the Center for Survey
Research for enhanced assurance of confidentiality. Physicians who did not respond to the initial survey were sent up to four re-mailings of the survey as necessary, at approximately monthly intervals, in addition to other reminders.
The last re-mailing took place in mid-July. A month later, responses were no longer accepted.
The sample of interest was composed of four strata; interventional radiologists, osteopathic radiologists, nuclear medicine specialists of interest and all other radiologists. In all, the sample consisted of 3090 physicians. From these, 1924 usably complete responses were received. Other useful information was also received, including information that 21 addressees were deceased, six were no longer practicing in the United States and six were not radiologists. The response rate was thus [1924/(3090-21-6-6)] x 100 = 63%.
The physician sample was further refined for the purposes of this particular study by removing from consideration all residents, fellows and retirees leaving only professionally active, post-training physicians. This allowed for a more accurate representation of how teleradiology is currently being utilized. The sample size therefore decreased to 1369 usable responses.
Response Weighting
Responses were weighted so that the weighted statistics would be representative of the answers that would have been received if all radiologists and nuclear medicine physicians of interest in the United States had been surveyed and had responded. 23 Logistic regression analysis was employed to determine how many different sets of response weights were to be used in each of the four strata. Ten weighting categories were identified among diagnostic radiologists based on whether or not a physician was an ACR member and his or her age. Two weighting categories were used for interventional radiologists, based on whether or not the physician was an ACR member. One weighting category each was used for nuclear medicine specialists of interest and osteopathic radiologists. After all responses in each weighting category were given a weight equal to the reciprocal of the response rate for that category, these weights were multiplied by the reciprocal of the sampling rate to complete the process of making responses representative of the entire U.S. population of radiologists. For example, if a weighting category had a response rate of 65%
and it was part of a stratum that had been sampled at the general 8% sampling rate, then all responses in that weighting category were given a weight of (1/0.65)
x (1/0.08) = 19.23.
Data Quality Improvement
Every survey has some deficient data. These include, but are not limited to, incomplete items, questionably marked items, responses not in accordance with directions given in the questionnaire, and responses that are inconsistent with other responses within the same survey. The leading tool for minimizing data deficiencies in this survey was the designation of the 12 items on the questionnaire as "core questions" that had been previously judged to be the most crucial. When the questionnaires were returned, the Center for Survey Research checked that these 12 items were indeed answered and made three designated consistency checks involving them. If there were any problems with the core items, the Center for Survey Research tried to telephone the respondent to obtain the missing response(s) and resolve the consistency problems.
During the data entry process, the Center for Survey Research spotchecked one of every six entered questionnaires against the paper questionnaires and found an error rate of less than 0.1%. Judging this error rate to be satisfactory, the data was not double entered.
Definition of Variables
The survey asked respondents the location of their main practice according to the following six categories: main city of a large metropolitan area
(total area population of 1 million or more), suburb of a large metropolitan area, main city of a smaller metropolitan area (total area population of >50,000 but <1 million), suburb of a smaller metropolitan area, non-metropolitan location (total area population of 50,000 or less or rural location), and "varied locations" (no one location is principal). We report location according to these six categories. (Table 3 ) with multiple logistic regression again being employed to identify the independent effect of the characteristics of individual radiologists (Table 4 ).
The results of logistic regressions are reported in terms of odds ratios (the ratio between the probability that an event does and the probability that the event does not take place) to compare whether the probability of the analyzed event is similar for two groups. An odds ratio greater than 1 implies that an event is more likely in that group than the reference category and an odds ratio of less than 1 implies that an event is less likely in that group than the reference category.
To illustrate differences in teleradiology prevalence in 1999 and 2003 among various categories of radiology practices, the prevalence of teleradiology and its uses in both years is presented by practice characteristics (Table 5) .
Multiple regression analysis is again used to identify the independent effect of each practice characteristic on the change in teleradiology prevalence between 1999 and 2003 ( Table 6 ). The primary interest is in the "difference-in-difference" interaction coefficients that will show the change over time in teleradiology prevalence in various practice categories (such as private practices, or practices in non-metropolitan areas). The problem is that inferring changes in probabilities from interaction terms in non-linear estimations -such as the logit and its odds ratios -is not straightforward; the interaction coefficients may indicate the wrong magnitude, sign and statistical significance of the marginal effects.
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Regression results are similar in Ordinary Least Squares (OLS) and logistic and easier to understand in the OLS. For ease of interpretation we report a linear probability model (OLS).
The dependent variable is the probability of a practice using teleradiology, The prevalence of teleradiology use in 2003 for practices performing each major radiology modality is also presented ( Table 7) . 
Results
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Teleradiology Prevalence and Practice Characteristics in 2003
In 2003, 67% of the main practices of professionally active, post-training radiologists reported using teleradiology (Table 1) . Other commonly used efficiency mechanisms include standardized dictation templates or report language (48% of practices), support staff for hanging films (44% of practices), wet readings (40% of practices) and PACS (34% of practices). Among practices reporting teleradiology use, 82% report transmitting images to home, making it the most common destination for image transmission. Other image transmission destinations include transmission between facilities (43% of practices using teleradiology) and to outside facilities (22% of practices using teleradiology).
When controlling for other variables using regression analysis, many practice characteristics were found to have a significant and independent effect on the likelihood of a practice using teleradiology (Table 2) . Of note, among practices that utilize teleradiology, transmission to outside facilities did not differ among the various practices sizes and was far less likely among academic practices than it was among private, radiology only practices.
Teleradiology Prevalence among Individual Radiologists in 2003
Overall in 2003, 80% of professionally active, post-training individual radiologists (as opposed to radiology practices) reported that their practices used teleradiology (Table 3) . Teleradiology was again the most commonly used efficiency mechanism used by practices as reported by individual radiologists. (Table 6 ). There were no differences in teleradiology adoption rates among private vs. academic practices or among practices examined by census region or location.
Transmission of images to home did not show significant differences when comparing practices by practice type, practice size, census region, location or practice ownership.
In 2003, the fraction of practices performing specific modalities that used teleradiology was between 75% among practices doing mammography, and 88% among practices performing NM procedures (Table 7) . This does not mean that practices were using teleradiology to transmit 75% of their mammography films.
Instead, it indicates that of all practices performing mammography, 75% of them reported utilizing teleradiology. The high prevalence in practices located in non-metropolitan areas speaks to the important role that teleradiology plays in allowing radiologists to serve a more geographically dispersed patient base. This is in keeping with the general concept that perhaps the most valuable role for telemedicine will be in making high-level radiology skills available to patients in thinly-populated areas.
There was a significant increase in the percentage of practices having teleradiology between 1999 and 2003. Possible causes for this increase include advances in the technology of teleradiology, such as the falling cost of transmission bandwidth, 28 or that a greater percentage of practices came to think that teleradiology would be useful. This latter factor, in turn, might be due to changing practice needs or to a growing appreciation of the potential value of teleradiology. In addition, practices might be adding teleradiology capabilities to attract radiologists in a competitive job market. Anecdotally, one can find many job listings on the ACR website which advertise that "nighthawk" services are in place, meaning that no overnight call duties are required. Many of these differences by practice characteristics can be explained by the uses of teleradiology. Call responsibilities tend to be shared by residents in academic practices, so they have a relatively smaller need for teleradiology.
Small and medium practices have fewer radiologists available to share call duties than large practices and so probably have more use for teleradiology for call.
Small and medium practices would also have more use for teleradiology for consultation with an out-of-facility specialist or for a second opinion, but would have less need for teleradiology to transmit images within their presumably generally smaller facilities.
Male and female radiologists report a statistically significant difference in teleradiology use by their practices in the univariate analysis which is not significant when controlling for other factors. This indicates that the difference can be explained by other factors, such as the greater percentage of women in academic practices and the greater percentage of female radiologists that work part-time.
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It has also been reported that some female radiologists temporarily retire from radiology in order to have children. 32 Given the frequency with which teleradiology is utilized to transmit images to home, it would seem that teleradiology would be a particularly attractive tool to both female radiologists in this situation and to part-time radiologists, regardless of their sex. Paradoxically,
however, it appears that neither of these conclusions are true. Women belong to practices utilizing radiology at a rate that is statistically similar to men and parttime radiologists belong to practices that use teleradiology less frequently than full-time radiologists.
Radiologists between the ages of 60-64 were less likely to use teleradiology than radiologists ages 45-54. This may simply indicate a relative comfort with non-digitized images or a previous investment into other types of radiology related infrastructure making a transition into a newer teleradiology infrastructure more difficult. In addition, there is also a relatively higher percentage of radiologists in this age group that work part-time.
Teleradiology Drawbacks
Despite the flexibility and advantages that teleradiology apparently offers, many radiologists worry about the potentially deleterious aspects of teleradiology and how they will change the way radiology is practiced. Specifically, many radiologists are worried about the way in which emerging technologies will shrink the globe and potentially threaten their jobs.
In a policy brief in a February 2006 issue of the American Journal of Roentgenology (AJR), Howard Forman discussed this issue:
"For the past several years, various lay and academic press have published materials suggesting that our imaging interpretation activity could easily move to Bangalore, Israel, Australia or other locales and, eventually, displace our trained professionals from their important clinical activities in the U.S. As one who has published on this topic, I have always considered this a serious threat." 33 Dr. Forman then gives four reasons why this threat is perhaps overstated at the current time. First, there are restrictions in place that make image interpretation at a distance very difficult. These restrictions include Medicare restrictions on paying for medical procedures done outside of the United States, the requirement that a radiologist be licensed in the state from which the image is originating (thereby requiring any radiologists reading images to have both done a residency in the United States and to have become board certified here), and the concerns of increased malpractice cost and liability. Second, the cognitive complexity of a radiologist's task is far greater than that of the jobs currently being outsourced to other countries. Third, the current market for radiologists is tight and an abundance of good jobs in the United States discourages radiologists from seeking jobs outside the United States. And fourth, greater than 80% of the cost of imaging is actually tied up in the technical fee rather than interpretation fee.
Therefore, the component of the exam which incurs the greatest cost is unable to be outsourced.
Frank Levy and Richard Murnane explore the cognitive component of offshoring in greater detail:
"All workplace tasks involve processing information…The tasks most vulnerable to computer substitution are those where the information processing can be described in rules. When a task can be fully described in rules, it can be programmed for a computer. When significant parts of a task can be described in rules, it is vulnerable to offshoring since it can be assigned to offshore producers with reduced risk of miscommunication and lower costs of monitoring. When a tasks rules cannot be articulated-when the task involves extensive tacit knowledge-neither computerization nor offshoring is a readily available alternative."
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In a later paper, Levy and Ari Goelman define three types of rule sets.
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Deductive rules are the first set and the easiest to computerize. Inductive rules are more complicated and can also be computerized but require pattern recognition, an advanced function. The last type they call "pure pattern recognition" and these are rule sets that cannot be completely articulated. They range from a janitor entering a room and making sense of the surroundings to a radiologist interpreting an image. Though some technologies have arisen to try and form pattern recognition rules for radiographic images, many of the modalities interpreted by radiologists are too complex for this type of software and require extensive tacit knowledge. In addition, as the rules set is too complicated to articulate, referring physicians often must rely on the qualifications of the radiologist reading the image. These qualifications begin with board certification but generally extend to the trust a referring physician develops in the radiologist over time. There are therefore both cognitive and psychological components to image interpretation that currently require not only the presence of a radiologist within a reasonable distance, but a relationship with the referring physician.
Levy and Goelman go on to state that teleradiology and the offshoring of images does not appear to be the biggest threat to radiologists. Rather, they point to physicians from other specialties such as cardiologists and obstetricians and gynecologists who are competing with radiologists for image interpretation rights.
Dr. Forman ends his brief with this advice to radiologists concerned about the threat of offshoring:
"It would require dramatic change in the regulatory and market situation in the U.S. to make this an immediate threat to our practice. This does not mean that our domestic colleagues should rest easy. There are many concerns being raised about imaging necessity and pricing in the U.S. by both private and federal payers. Thus, attention should be paid to the means of providing the lowest cost, highest quality, TIMELY, interpretation of medical images. Groups that are well-positioned in this regard will find success in any environment."
The Future of Teleradiology
It is difficult to determine whether the prevalence of teleradiology has reached a plateau or whether it will continue to increase. Some predict that, given the continued increased in demand for diagnostic imaging, the use of teleradiology will also increase. 28 Also, with the cost for any given system capability likely to continue to fall, teleradiology is likely to be installed in practices that currently judge it a bit too costly for what it offers.
Increasing teleradiology usage brings to the forefront issues of patient safety, cost, accreditation, quality control, radiologist satisfaction and international teleradiology. [36] [37] [38] European practices are also struggling to find the best solutions to these issues. 39, 40 The ACR task force on International Teleradiology and repeated statements by the ACR affirm that patient safety and the quality of image interpretation should remain the highest priorities.
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Teleradiology may also soon branch into newer technologies such as wireless image transfer and grid computing. 42 These new technologies will raise important issues of image quality and patient privacy.
Strengths and Limitations of the Study
The principal strengths and limitations of the 2003 Survey, including its improvements over previous surveys, have been discussed previously in the methods section and in other papers. 19, 21 Strengths include a large sample size, a high response rate, sophisticated statistical weighting to allow for a nationally representative sample, and careful cleaning of the data to improve quality.
As with all surveys, it has important limitations. All surveys have some level of sampling variability, as measured by the standard errors, and these are large for categories with relatively few respondents. There may be non-response bias with respect to characteristics not considered in developing the weights.
Despite data cleaning and quality assurance measures, there remain some errors in the data There may also be some ambiguity in the survey questions. The term Note-all data are a percent of practices with the standard error reported immediatley below 
